In vitro protein-synthesizing systems from Escherichia coli can be categorized as either chloramphenicol-sensitive or chloramphenicol-insensitive. The chloramphenicol-sensitive systems used in this study required the presence of factors removed from ribosomes with 1.0 M NH4Cl when chromatographically purified ribosomes were used for amino acid incorporation. These ribosomal wash factors inhibited but did not eliminate amino acid incorporation in chloramphenicol-insensitive systems. For both systems, addition of increasing amounts of the ribosomal wash factors increased the sensitivity to chloramphenicol inhibition.
In vitro protein-synthesizing systems from Escherichia coli can be categorized as either chloramphenicol-sensitive or chloramphenicol-insensitive. The chloramphenicol-sensitive systems used in this study required the presence of factors removed from ribosomes with 1.0 M NH4Cl when chromatographically purified ribosomes were used for amino acid incorporation. These ribosomal wash factors inhibited but did not eliminate amino acid incorporation in chloramphenicol-insensitive systems. For both systems, addition of increasing amounts of the ribosomal wash factors increased the sensitivity to chloramphenicol inhibition.
Previous studies on the mechanism of action of chloramphenicol have often utilized high concentrations (10-4 to 10-3 M) of the drug, and have shown inhibition of chain elongation. Such high concentrations are necessary to inhibit polyuridylic acid (polyU)-or polyadenylic acid (polyA)-directed in vitro amino acid incorporation (7, 9) . However, much lower concentrations (10-5 M) of chloramphenicol are sufficient to give equivalent inhibition of bacterial cell growth or in vitro synthesis of peptides stimuLlated by polyC (6), some polynucleotide copolymers (8), or natural messenger (12) .
Elongation, in contrast to initiation or release, is thought to involve the same steps regardless of the messenger used. Such differential sensitivity is, therefore, difficult to account for if low con-.centrations of chloramphenicol affect sensitive systems in the same way as high levels affect insensitive systems.
Protein-synthesizing systems using purified ribosomes normally utilized for polyA-and polyU-stimulated incorporation systems are deficient in ribosomal wash factors required for natural messenger translation. This report deals with the stimulating effect of these factors on polyC-directed incorporation of ['4C]proline, and with the effect of these factors on enhancement of inhibition by chloramphenicol of polyA-and polyU-stimulated incorporation.
MATERIALS AND METHODS Ribosomes were obtained from Escherichia coli MRE 600 and purified on diethylaminoethyl-cellulose by the procedure of Salas et al. (10) . The high-speed supernatant fraction (S-100) was used to prepare a pH5 enzyme fraction by the method of Julian (7) . Ribosome wash factors were extracted from E. coli MRE 600 ribosomes with 1.0 M NH4Cl in 20 mM tris(hydroxymethyl)aminomethane (Tris)-hydrochloride, pH 7.8, 2 mm magnesium acetate, and 2 mM dithiothreitol. These factors were assayed for activity by measuring their ability to stimulate an MS2 RNAdirected protein-synthesizing system in the presence of a pH 5 
RESULTS
The effect of ribosomal wash factors when added to a polyA-stimulated cell-free incorporating system is shown in Table 1 . These factors were inhibitory to a polyA-directed lysine-incorporating system. However, the residual incorporation exhibited an increased sensitivity to chloramphenicol with increasing concentrations of factors.
The polyU-directed system was most sensitive to inhibition by higher concentrations of ribosomal wash factors but was the least sensitive to chloramphenicol (Table 2 ). Repeated experiments without factors have shown that 1.5 X 10-5 M chloramphenicol inhibits this system by 6 to 10%o. Even this system exhibits an increased sensitivity to chloramphenicol with increasing concentrations of these factors.
Irvin and Julian (6) reported that polycytidylic acid (polyC), in contrast to polyA and polyU, would not stimulate incorporation of amino acids into peptides if only the pH 5-precipitable portion of S-100 preparation was used as enzyme source. Rather, it was found necessary to add a 30 to 70% (NH4)2SO4 fraction of S-100 to stimulate the system. This requirement can also be satisfied by supplementing an incorporation mixture containing the pH 5 fraction with crude ribosomal wash factors, as shown in Table 3 For polyU-, polyA-, or polyC-stimulated systems, varying the relative amounts of ribosomes, transfer RNA, or pH 5 fraction did not affect the relative inhibition by chloramphenicol (unpublished data).
DISCUSSION
As has been shown by Eisenstadt and Brawerman (2) , the bulk of ribosomes derived from E. coli are deficient in factors necessary for natural messenger translation. Standard methods of preparing washed ribosomes and S-100 (where only the top two-thirds of the supernatant fluid is used) further decrease the concentration of these factors. It would appear from the data presented that deficient ribosomes are more effective in translating polyA or polyU, since restoring ribosomal wash to the systems actually decreased the ability of the systems to synthesize polylysine or polyphenylalanine peptides.
Efficient translation of polyC, on the other hand, requires at least one of these factors, as can be seen from (1, 11) .
Experiments are now underway to determine whether the factor(s) which affects chloramphenicol inhibition is the same as the factor(s) necessary for polyC-stimulated synthesis, or indeed identical to one or more of the recognized initiation factors necessary for natural messenger synthesis.
